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DISPLAY DEVICE AND METHOD OF lem that during the handwriting input , the power consump 
CONTROLLING THE SAME tion becomes increased since the display screen needs to 

continue updated as a whole , at any time , at a frame rate of , 
CROSS - REFERENCE TO RELATED for example , approximately 60 Hz . 

APPLICATIONS 
BRIEF DESCRIPTION OF THE DRAWINGS This is a Continuation Application of U . S . patent appli 

cation Ser . No . 14 / 509 , 442 , filed Oct . 8 , 2014 , which claims FIG . 1 is an illustration showing an example of an overall priority from Japanese Priority Patent Applications JP 2013 
211888 filed Oct . 9 , 2013 and JP 2014 - 144322 filed Jul . 14 , 10 10 configuration of a display device of an embodiment . O 
2014 , the entire contents of which are incorporated herein by FIG . 2 is an illustration showing a schematic configura 
reference . tion of an LCD panel shown in FIG . 1 . 

FIG . 3 is an illustration mainly showing an example of a 
FIELD basic configuration of a pixel circuit 310 , and showing an 

15 example of configuration of an X - directional driver and a 
Embodiments described herein relate generally to a dis - Y - directional driver . 

play device and a method of controlling the display device FIG . 4 is an illustration mainly showing an operation and , in particular , to improvement of a handwriting input example of the embodiment together with signal flow , in a circuit , a handwriting input method and a handwriting input pixel circuit 312 shown in FIG . 2 . program . 20 FIG . 5 is a graph mainly showing an operation example 
BACKGROUND of the embodiment together with operation timing , in the 

pixel circuit 312 shown in FIG . 2 . 
Recently , a display device integrally comprising , for FIG . 6 is an illustration mainly showing an operation 

example , a liquid crystal display device ( also called a 25 example of the embodiment together with signal flows , in a 
display panel ) and a touch - type input panel has been devel - pixel circuit 321 shown in FIG . 2 . 
oped . The display device is utilized for an electronic devices FIG . 7 is a graph mainly showing an operation example 
( including mobile terminals such as smartphones , tablet of the embodiment together with operation timing , in the 
computers , and personal assistant devices ( PAD ) ) . pixel circuit 321 shown in FIG . 2 . 
One of the touch - type input panels is a handwriting input 30 FIG . 8 is a graph showing an example of writing a pixel device capable of inputting data by allowing a pen or a finger signal in a pixel circuit to describe the operation example of to touch a display screen and allowing the pen or the finger the embodiment . in the touching state to move on the display screen . 
The handwriting input device is also called a coordinate FIG . 9 is an illustration showing an operation example of 

input device , and is constituted by providing a touch detec - 35 general drawing of the embodiment together with signal 
tion surface of the touch - type input panel on the display flows , by referring to the pixel circuit 310 . 
screen of the display device . Systems of the resistance type , FIG . 10 is a graph showing operation timing of each 
capacitive type , electromagnetic induction type , and so on module in a circuit to describe an operation example of 
are developed as the system of sensing the handwriting general drawing of the embodiment by referring to the pixel 
input . For example , the handwriting input by pen is sensed 40 circuit 310 shown in FIG . 9 . 
by the touch detection surface and , this sensing data includ FIG . 11 is an illustration showing a situation of drawing 
ing a position of the pen on the display screen and a pressing on an LCD to describe an operation example of the embodi 
force for pressing the display screen is converted to coor ment . 
dinate data and pressing force data by a touch panel ( TP ) FIG . 12 is an illustration showing an operation subsequent controller . 45 

The coordinate data and the pressing force data are to the operation shown in FIG . 11 . 
processed by a central processing unit ( CPU ) such as an FIG . 13A is an illustration showing a configuration 
application processor and a microcomputer . The CPU allows example of main portions of another embodiment . 
movement locus of the pen to be stored in a frame memory FIG . 13B is an illustration showing data rewriting pro 
as video data , which may also be called drawing data , and 50 cessing to describe an operation of a circuit shown in FIG . 
transmits the video data to the liquid crystal display device , 13A . 
which is configured to display the data , at a frame rate of , for FIG . 13C is an illustration showing data rewriting pro example , approximately 60 Hz . Thus , The movement locus cessing to describe yet another operation of the circuit by pen is displayed on a display module of a liquid crystal shown in FIG . 13A . display device as a line and updated . 

In the above - described devices , processing delay caused FIG . 14A is an illustration for describing a case where a 
by executing programs such as an operation system ( OS ) straight line is drawn by the display device shown in FIG . 1 . 
and applications operated on the CPU , or delay associated FIG . 14B is an illustration for describing a case where a 
with interfaces between the CPU and a TP controller IC or broken line is drawn by the display device shown in FIG . 1 . 
LCD controller occurs . 60 FIG . 15 is an illustration showing another embodiment of As a result , it is difficult for the above devices to make the the display device . line drawn on the display device follow a touch position ( pen 
tip ) instructed by a user immediately at the handwriting FIG . 16 is an illustration showing yet another embodi 
input mode . ment of the display device . 

The delay is , generally , approximately 100 ms , which is 65 FIG . 17 is an illustration showing an example of specific 
considered as a reason for degrading convenience of the configurations of a memory 11 shown in FIG . 3 and a 
handwriting input device . In addition , there is another prob - polarity inverting circuit . 
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DETAILED DESCRIPTION The TP controller 702 is formed by , for example , electri 
cally connecting a plurality of IC chips . A sensing output of 

Various embodiments will be described hereinafter with the touch - type input panel 701 is input to the TP controller 
reference to the accompanying drawings . 702 and converted to coordinate data , which may include 

The embodiments provide a display device and a display 5 pressing force data . 
device controlling method capable of remarkably improving The pressing force data can be detected in various meth 
followability of an image forming velocity on a display ods . According to the methods , for example , a specifically 
screen to a handwriting input velocity . processed sheet ( protection sheet ) is provided between a pen 

In general , according to one embodiment , a display device touch portion and a sensor electrode and , in accordance with 
301 comprises a plurality of pixel circuits arrayed two 10 10 pressure of the pen , capacitance between the pen tip and the 

sensor electrode is caused to vary , or electromagnetic dimensionally . Each of the pixel circuits comprises a display strength is caused to vary , or resistance is caused to vary . element and a pixel memory configured to store a signal to These variations are detected electrically . drive the display element . An X - directional driver 400 and The TP controller 702 is connected to the LCD controller a Y - directional driver 500 can select arbitrary pixel circuits 15 600 , to immediately transmit the touch position ( coordinate 
and drive the pixel circuits . A touch - type input panel 701 is data and pressing force data ) , which input panel 701 by 
arranged integrally with the display device . A touch panel touching the touch - type input panel 701 by pen , to the pixel 
controller 702 converts a sensing output of the touch - type circuits in the LCD 301 . In addition , the TP controller 702 
input panel 701 to coordinate data . A display controller 600 is connected to a main CPU 800 . Thus , the pen touch 
receives the coordinate data and partially rewrites the coor - 20 position ( coordinate data and pressing force data ) can be 
dinate data in units of pixel circuits of the display device 301 stored in the main CPU 800 , and this enables the LCD 301 
via the X - directional driver and the Y - directional driver . to display the pen touch position and the locus of the pen 

The embodiment will be described in more detail with later again . More specifically , the main CPU 800 is con 
reference to the drawings . In the embodiment , a “ handwrit . nected to the LCD controller 600 to supply the video data to 
ing input mode ” is distinguished from a " general drawing 25 be drawn and a timing signal for driving to the LCD 
mode ” . The handwriting input mode indicates that a locus controller 600 . In addition , the main CPU 800 includes a 
formed on the touch input type panel by moving a pen or frame memory 801 . A coordinate data between first coordi 
finger tip in a state of contacting the touch - type input panel nate data and second coordinate data input intermittently 
is recognized by an immediate response , and then the data from the TP controller 702 is interpolated by linear approxi 
of the locus is drawn on the display screen . The general 30 mation , the main CPU 800 can construct linear video data 
drawing mode indicates rewriting video data or drawing data which the first coordinate data is linked to the second 
displayed on the display screen , in a cycle of rewriting an coordinate data , and possess the line video date in the frame 
entire screen of the display device . memory 801 . Note , the linear video data is read from the 

FIG . 1 is an illustration showing configuration blocks of frame memory 801 in the general drawing mode different 
a liquid crystal display device of the embodiment . The liquid 35 from the handwriting input mode . 
crystal display device comprises the liquid crystal display FIG . 2 shows a basic configuration example of a plurality 
device ( LCD ) 301 and the touch sensor type input panel 701 . of pixel circuits 311 , 312 , 321 , 322 , . . . arrayed two 
The LCD 301 comprises a glass substrate 300 . A plurality of dimensionally in the LCD 301 . Arbitrary pixel circuits are 
pixel circuits arranged two - dimensionally , and an X - direc selectively designated by column designation executed by 
tional driver 400 and a Y - directional driver 500 configured 40 the X - directional driver 400 and row designation executed 
to drive the pixel circuits are provided on the glass substrate by the Y - directional driver 500 . Four pixel circuits are shown 
300 . in FIG . 2 , but more pixel circuits are formed in the LCD 301 . 

In addition , the LCD controller ( for example , IC chip FIG . 3 mainly shows a specific configuration example of 
configuration ) 600 configured to control the drivers 400 and the pixel circuit 311 . The other pixel circuits have similar 
500 is provided on the glass substrate 300 . The LCD 45 configuration . In addition , configuration examples of the 
controller 600 supplies an X address to the X - directional X - directional driver 400 and the Y - directional driver 500 are 
driver 400 and a Y address to the Y - directional driver 500 , shown in the drawing . 
and pixel circuits to be driven are thereby determined . The pixel circuit 311 of the embodiment comprises a first 

The touch - type input panel 701 is arranged in a state of transistor TC , a second transistor TR , a memory ( SRAM : 
being overlaid on the display screen of the liquid crystal 50 static random access memory ) 11 , a polarity control circuit 
display device ( LCD ) 301 . In FIG . 1 , the liquid crystal 12 and a display element 13 . In FIG . 3 , The display element 
display device 301 and the touch - type input panel 701 are 13 equivalently shows a fine region in a part of a liquid 
separately displayed to allow the configuration to be easily crystal layer of the LCD 301 . 
understood . However , the configuration of the liquid crystal Furthermore , a signal column line Sj and a control column 
display device 301 or the touch - type input panel 701 can 55 line Cj extend in the pixel circuit 311 . Through the signal 
serve as the configuration of a part of the other . column line Sj , a pixel signal can be supplied to an input 

Thus , it is assumed here that an image of an operation terminal of the first transistor TC . Through the control 
button is displayed on the display screen of the LCD 301 . An column line Cj , a control signal can be supplied to a control 
action of pressing the image of the operation button by the electrode of the first transistor TC . 
pen or finger is to press the portion of the touch type input 60 In addition , a select row line Ri ( for one - way potential ) 
panel overlaid on the display screen . The touch of the pen or and a select row line / Ri ( for reverse potential ) extend in the 
finger is thereby sensed by the touch - type input panel 701 . pixel circuit 311 . The select row line Ri is connected to a 

The touch - type input panel 701 is a touch sensor in , for control electrode of the second transistor TR . In addition , the 
example , resistance type , capacitive type , self - capacitance select row line Ri is connected to one of electrode terminals 
type , electromagnetic induction type , and so on . The touch - 65 of the memory 11 . 
type input panel 701 is electrically connected to the touch The select row line / Ri is connected to the other electrode 
panel controller ( TP controller ) 702 . terminal of the memory 11 . The memory 11 is also con 
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so 

nected to the polarity control circuit 12 , and an output of the is latched by the enable - attached Y - directional buffer 513 
memory 11 is supplied to an electrode of the display element and is output to the select row lines Ri and / Ri . 
13 via the polarity control circuit 12 . The polarity control FIG . 3 simply shows parts of the outputs of the X - direc 
circuit 12 is connected to the display element 13 , and serves tional driver 400 and the Y - directional driver 500 . The 
as a circuit configured to periodically change a polarity of a 5 X - directional driver 400 and the Y - directional driver 500 can 
liquid crystal - applied voltage to the display element 13 . The designate all the pixel circuits ( not shown ) , other than the 
liquid crystal serving as the display element 13 can be pixel circuit 311 , by using the X address and the Y address . 
thereby driven certainly . In the handwriting input mode , the X - coordinate data and 

The X - directional driver 400 comprises an X - address the Y - coordinate data from the TP controller 702 are input to 
decoder 411 , a parallel - load X - bidirectional shift register 10 the LCD controller 600 . The X - coordinate data and the 
412 , an enable latch circuit 413 , an X - directional buffer 415 , Y - coordinate data from the TP controller 702 are also input 
and a mode switch 416 . to the main CPU 800 . The LCD controller 600 immediately 

The X - address decoder 411 receives X - directional ( lat executes partial rewriting in units of pixel circuits , based on 
eral ) coordinate data ( X address XADD ) from the LCD the X - coordinate data and the Y - coordinate data from the TP 
controller 600 . The X address , which may also be called controller 702 . In addition , the main CPU 800 writes the 
write data , decoded by the X - address decoder 411 is loaded drawing data to a frame memory ( not shown ) , based on the 
on the parallel - load X - bidirectional shift register 412 . X - coordinate data and the Y - coordinate data from the TP 

The X address ( or write data ) from X - address decoder 411 controller 702 . 
is parallel - loaded by the parallel - load X - bidirectional shift 20 The TP controller 702 and the main CPU 800 are con 
register 412 . Timing of the parallel load is determined by an nected by a serial interface ( S _ I / F ) , and the TP controller 
X - load pulse ( XLOAD ) output from the LCD controller 702 converts the coordinate data to serial data and supplies 
600 . The parallel - load X - bidirectional shift register 412 can the serial data to the main CPU 800 . 
shift the X address , which may also be called the write data In not the handwriting input mode , but the general draw 
or address data , in a right direction or a left direction by a 25 ing mode , a drawing mode control signal is supplied from 
serial shift pulse ( Xsi ) output from the LCD controller 600 . the main CPU 800 to the LCD controller 600 . In the general 
The enable latch circuit 413 can latch the address ( or write drawing mode , the video data is supplied from the main 
data ) of the parallel - load X - bidirectional shift register 412 at CPU 800 to the LCD controller 600 . 
timing of a latch enable pulse ( LE ) . The X - directional buffer FIG . 4 mainly shows an operation example of the embodi 415 can hold the X address ( or write data ) latched by the 30 ment together with a signal flow , in the pixel circuit 312 enable latch circuit 413 at timing of an X - enable pulse shown in FIG . 2 . FIG . 4 shows a circuit state in which a row ( XEN ) . The latch enable pulse ( LE ) and the X - enable pulse select line Ry0 ( output of positive potential ) and a row select ( XEN ) pulse are output from the LCD controller 600 . 

Furthermore , the X address ( or write data ) of the X - di line / Ry0 ( output of negative potential ) are selected based on 
rectional buffer 415 can be supplied to the pixel circuit 311 35 25 coordinate data ( x0 , yo ) from the LCD controller 600 , and 
via the mode switch 416 . in which a column control line Cx0 is connected to an output 

The mode switch 416 is controlled by an X - switch control ( logic I " ) of the X - directional buffer 415 and a column 
signal ( XSW ) from the LCD controller 600 . signal line Sx0 is connected to a black - display voltage line 

The mode switch 416 can control connection destinations BV , based on the operation of the mode switch 416 . 
of the signal column line Si and the control column line Cj 40 In the connection state of FIG . 4 , each of the first 
by the X - switch control signal ( XSW ) . transistor TC and the second transistor TR is turned on , and 

In the example of the pixel circuit 311 shown in FIG . 3 , logic “ l ” data from the column signal line Sx0 is held in the 
the signal column line Sj is connected to a black - display memory 11 . As a result , an electric potential is applied to the 
voltage line By , and the control column line Cj is connected display element 13 via the polarity control circuit 12 and , for 
to the X - directional buffer 415 , under control of the 45 example , an output of the display element 13 is turned off 
X - switch control signal ( XSW ) . If , for example , “ 1 ” ( high ( i . e . , brightness becomes low and black ) . 
level ) is currently output to the control column line Cj , the FIG . 5 is a graph showing operation timing of each 
first transistor TC is turned on . At this time , if the second module of the circuit together with time elapse from a left 
transistor TR is turned on , a black - display voltage ( data 1 ) side to a right side , to describe an operation example of the 
is written in the memory 11 . 50 embodiment with reference to the pixel circuit 312 shown in 
Next , the Y - directional driver 500 will be described . The FIG . 4 . 

Y - directional driver 500 comprises a Y - address decoder 511 , In FIG . 5 , each of 5a and 5b denotes an output time of 
a parallel - load Y - bidirectional shift register 512 , and an coordinate data ( x0 , yo ) from the LCD controller 600 . In 
enable - attached Y - directional buffer 513 . FIG . 5 , 5c denotes a time in which elements of the coordi 

The LCD controller 600 supplies Y - directional ( longitu - 55 nate data ( x0 , y0 ) are decoded by the decoders respectively , 
dinal ) coordinate data ( Y address YADD ) to the Y - address and the x0 coordinate data is loaded to the X - bidirectional 
decoder 511 . The LCD controller 600 supplies a Y - load shift register 412 and the y0 coordinate data is loaded to the 
pulse ( YLOAD ) to the parallel - load Y - bidirectional shift Y - bidirectional shift register 512 . 
register 512 . In addition , the LCD controller 600 supplies In FIG . 5 , 5d denotes a time in which the data of the 
Y - enable pulse ( YEN ) to the enable - attached Y - directional 60 X - directional address of the X - bidirectional shift register 
buffer 513 . 412 is latched by the enable latch circuit 413 and set at 

The Y - address decoder 511 receives Y - directional ( longi - X - directional buffer 415 , and in which the data of the 
tudinal ) coordinate data ( Y address ) from the LCD controller Y - directional address of the Y - bidirectional shift register 512 
600 . The Y address , which may also be called row desig - is set at the Y - directional buffer 513 . In FIG . 5 , 5e denotes 
nation data , decoded by the Y - address decoder 511 is loaded 65 a time in which the data is output to the column control line 
on the parallel - load X - bidirectional shift register 412 . The Y Cx0 , and 5f and 5g denote a time of the row select line Ryo 
address of the parallel - load X - bidirectional shift register 412 ( output of positive potential ) and the row select line / Ryo 
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( output of negative potential ) . Furthermore , 5h of FIG . 5 handwriting input is estimated , the pixel position 8a and the 
denotes a time in which the black - display voltage is held in pixel position 8b can be immediately drawn on the LCD 301 
the memory 11 . by the data shift technique described in FIG . 7 and FIG . 8 . 

In the present embodiment , the address ( write data or FIG . 9 shows a state in which after ending the handwriting 
address data ) decoded based on the coordinate data can be 5 input , the data ( i . e . , video data including line data input by 
shifted based on a shift pulse . handwriting ) as stored in the frame memory in the main 

FIG . 6 shows a situation in which the X - directional CPU 800 in units of frame is written in the display device address data is shifted from the position of the pixel circuit ( LCD ) 301 . FIG . 9 shows an example of a state of a circuit 312 shown in FIG . 4 by an extent of one pixel circuit , in the which is operated in what is called the general drawing X - bidirectional shift register 412 , and in which the address 10 mode . The pixel circuit 310 is mainly exemplified in the data for column selection is shifted from the position of the figure . pixel circuit 312 shown in FIG . 4 by an extent of one pixel At this time , video data for one line ( one horizontal circuit , in the Y - bidirectional shift register 512 . As a result , 
the pixel circuit designated by the address data is changed scanning line ) is input from the main CPU 800 to the 
from the pixel circuit 312 shown in FIG . 4 to the pixel circuit 15 A - address decoder 411 and is set at the A - directional burer Suit 15 X - address decoder 411 and is set at the X - directional buffer 
321 shifted by one pixel , in both the row direction and the 415 . Next , the Y - directional driver 500 designates the pixel 
column direction . circuit in units of row . The video data stored in the frame 

Shift pulses Xsi and Ysi for obtaining the shift are memory in the main CPU 800 is thereby written in units of 
generated based on an algorithm installed in the LCD row , in each of the pixel circuits in the display device 301 . 
controller 600 . The designated address can be changed at a 20 The mode switch 416 is utilized effectively . In other 
high speed by utilizing the shift pulses Xsi and Ysi . words , the first transistor TC of each pixel circuit is turned 

FIG . 7 and FIG . 8 show a timing signal for describing a on and stands by to allow the LCD 301 to be accessed in 
state in which the drawing line is varied by shifting the units of row . For this reason , the voltage of a white - display 
address data , and an image . It is assumed here that a pixel voltage line WV is supplied to a control electrode of the first 
position 8a of FIG . 8 is drawn and then a pixel position 8b 25 transistor TC via the control column line connected to the 
is drawn . white - display voltage line WV so as to become the high 

FIG . 7 shows operation timing of each module of the level . An input electrode of the first transistor TC is con 
circuit together with time elapse from a left side to a right nected to an output stage corresponding to the X - directional 
side . In FIG . 7 , 7a denotes an upper shift pulse supplied to uise supplied to buffer 415 via the signal column line and the mode switch the Y - bidirectional shift register 512 , and 7b denotes a right 30 41 416 . shift pulse supplied to the X - bidirectional shift register 412 . FIG . 10 shows operation timing at execution of the In FIG . 7 , 7c denotes a time ( high level section ) in which the general drawing mode . In the Y - bidirectional shift register data is output to a column control line Cx + 1 , and a time 
( high level section ) in which the data is output to a row select 512 , vertically synchronized data ( not shown ) is supplied to 
line Ry + 1 ( output of the positive potential ) and a row select 35 am 25 a first stage ( for example , a row positioned in the lowermost 
line / Ry + 1 ( output of negative potential ) . In FIGS . 7 , 7d and stage ) . If the data is shifted by a shift pulse Ysi ( 10a in FIG . 
7e denote states of a column select line Cx and a row select 10 ) , the row select position can be shifted in units of row in , 
line Rx obtained when a pixel position 8a of FIG . 8 is for example , an upper direction of the figure . 
designated , respectively . In FIGS . 7 , 78 , 79 and 7h denote Video data for one row ( 10b in FIG . 10 ) is sequentially 
states of a column select line Cx + 1 , a row select line Rx + 1 , 40 input from a first stage of X - bidirectional shift register 412 
and a row select line / Rx + 1 obtained when a pixel position and shifted to a left direction by shift pulse Xsi ( 10c in FIG . 
8b of FIG . 8 is designated , respectively . In FIG . 7 , 7i denotes 10 ) . The video data for one row is thereby set in the 
a time in which the data is written in the memory 11 of the X - bidirectional shift register 412 . 
pixel position 8b of FIG . 8 . The video data is entirely written in a row - selected pixel 

As described above , the display controller 600 can supply 45 circuit , via the X - directional buffer 415 , by a timing pulse . 
shift pulses to the X - bidirectional shift register 412 and the In FIG . 10 , 10d denotes a time of a latch enable pulse 
Y - bidirectional shift register 512 . Thus , address data ( i . e . , ( LE ) . The pulse indicates a time at which the video data for 
address data designating the pixel position 86 in FIG . 8 ) one row is latched from the X - bidirectional shift register 412 
approximate to first address data generated based on the to the enable latch circuit 413 . In FIG . 10 , 10e denotes a time 
touch input to the touch - type input panel 701 ( i . e . , address 50 of an X - enable pulse ( XEN ) and a Y - enable pulse ( YEN ) . 
data designating the pixel position 8a in FIG . 8 ) is generated The data is set at the X - directional buffer 415 and the 
by using the first address data , according to shift operations Y - directional buffer 513 , based on the pulses . In FIG . 10 , 10f 
of the X - directional driver 400 and the Y - directional driver denotes a time of a row select signal of a row in which the 
500 . video data is to be written . In FIG . 10 , 10g denotes a time 

The address data is adopted as interpolatory address data 55 of a row select signal of a next row in which the video data 
( i . e . , address data designating the pixel position 8b of FIG . is to be written . 
8 ) that is linearly approximate between the first address data In FIG . 10 , 10h denotes a time of video data which is to 
and second address data based on a subsequent touch input . be written from the X - directional buffer 415 to the selected 

In the present embodiment , followability of drawing on row , and 10i denotes a time of the data held in the memory 
the display screen responding to the handwriting input in the 60 11 . 
handwriting input mode , and followability of an image In the operation mode , the mode switch 416 retains a 
forming velocity on the LCD 301 or , more specifically , switching state to keep the first transistor TC of each pixel 
display responsiveness of a locus drawn on the touch circuit turned on at any time , and supplies , for example , the 
input - type panel 701 and the locus displayed by the LCD white - display voltage WV to a control electrode of the first 
301 ( i . e . , drawing responsiveness of displaying the locus on 65 transistor TC . At the same time , the mode switch 416 is set 
the display screen of the LCD 301 as the drawing data ) , can such that an output of the X - directional buffer 415 is input 
be significantly improved . If a drawing direction of the to an input terminal of the first transistor TC . In this state , if 
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the second transistor TR is turned on by the row select If the coordinate data or pressing force data is not output 
signal , the output signal of the X - directional buffer 415 is from the touch panel controller 702 , the main CPU 800 
written in the memory 11 . determines that the handwriting input mode is ended , as 

FIG . 11 and FIG . 12 show a sequence of operating the shown in FIG . 12 . At this time , the main CPU 800 outputs 
touch panel controller 702 , the main CPU 800 , the LCD 5 an end command to the LCD controller 600 . Thus , the LCD 
controller 600 , the X - directional driver 400 and the Y - di - controller 600 resets the X - directional driver 400 and the 
rectional driver 500 when the handwriting input mode is Y - directional driver 500 . In addition , the main CPU 800 
executed , together with the drawing on the LCD 301 . It is starts an operation of the general drawing ( general drawing 
assumed here that the user draws a locus of the pen tip on mode ) . In the general drawing , the main CPU 800 reads the 
the touch - type input panel 701 while contacting the pen tip 10 video data written in the frame memory and starts the 
on the touch - type input panel 701 at Time t101 ( FIG . 11 ) and operation shown in FIG . 9 . 
moves the pen tip off the touch panel at Time t102 ( FIG . 12 ) . The LCD 301 shown in FIG . 12 shows a state in which the 

The touch panel controller 702 detects a touch position of above - described processing is executed ( 4 . to 6 . 1 in FIG . 11 
the pen tip with an interval equal to or shorter than , for and N . 1 to N . x in FIG . 12 ) and a broken line approximating 
example , 5 ms ( Times t201 , t202 , t203 , t204 , 1205 , . . . ) and 15 a locus of the handwriting input is drawn . 
outputs the detected touch position as the coordinate data , in A cycle of updating the coordinate data by the touch panel 
the present embodiment . controller 702 is , for example , approximately 5 ms and the 
More specifically , when the user starts the above - de - time required for drawing one pixel in the handwriting input 

scribed inputting , touch panel controller 702 detects a first mode is , for example , approximately , 10 um . 
sensor output from the touch - type input panel 701 and 20 Approximately 500 pixels can be rewritten during the 
supplies the coordinate data ( position ) and the pressing force period of 5 ms , which is sufficient for drawing a line 
data ( pressing strength ) to the main CPU 800 . The main segment . In addition , since a delay occurring at movement 
CPU 800 thereby starts simple drawing , determines input of the pen tip is approximately 10 ms at maximum ( pro 
start coordinate data , secures possibility of drawing , and cessing inside the touch panel controller is executed at 5 ms 
supplies the input start coordinate data to the LCD controller 25 or less and the processing of drawing the line segment is 
600 . The data is thereby written to an input start position of executed at 5 ms or less ) , high - speed handwriting input can 
the LCD 301 . be executed . 
When the touch panel controller 702 detects a subsequent Since the power consumption in the handwriting input 

sensor output ( Time t202 ) , the coordinate data and the mode is very small and since the entire display screen is 
pressing force data are input to the LCD controller 600 and 30 simply updated at one time in the general drawing mode at 
the main CPU 800 . the end of handwriting input , the power consumption can be 

The LCD controller 600 executes the processing of shift - suppressed throughout the sequence of the handwriting 
ing and rewriting the data by using the coordinate data input . 
detected at , at least , Time t202 and Time t203 such that a line FIG . 13A shows a basic principle of yet another embodi 
is formed between both of the coordinates . The operations 35 ment according to the present embodiment . In this example , 
executed at the times have been described with reference to an X - directional driver 400 comprises a logic circuit con 
FIG . 4 and FIG . 6 . figured to selectively change a one - to - one connection or a 
As an algorithm , for example , " Brezenham ' s Line Algo - one - to - many connection as a connection between an output 

rithm " , which paints pixels between the points and draws a terminal of an X - address decoder 411 and a load input 
straight line ( or an approximate line ) , when a start point and 40 terminal of an X - bidirectional register 412 . The example 
an end point are supplied , is well known . According to the will be described below more specifically . 
algorithm , which selects the pixel position to be written ( or In FIG . 13A , AND circuits 431 to 436 and OR circuits 441 
painted ) subsequent to the current pixel position ( X , Y ) from to 443 are provided between the X - address decoder 411 and 
eight pixel positions adjacent the current pixel position , a the X - bidirectional shift register 412 . It is assumed here that 
pixel position painted next to the current pixel position can 45 the X - address decoder 411 comprises three output terminals 
be sequentially determined based on held inner variables OUT1 , OUT2 and OUT3 . 
( coordinates of the current pixel position and coordinates of A control signal BLOD can be supplied from an LCD 
a next pixel position , and so on ) . controller 600 to either input terminal of each of the AND 

For example , as shown in the LCD 301 in FIG . 11 , if a line circuits 431 - 436 . An output of the output terminal OUT1 of 
to be drawn from a lower left pixel position to a next write 50 the X - address decoder 411 is input to the AND circuits 431 
pixel position is smaller than forty - five degrees , a candidate and 432 . An output of the output terminal OUT2 of the 
pixel position to be painted next to the lower left pixel may X - address decoder 411 is input to the AND circuits 433 and 
be narrowed down a right pixel position or an upper right 434 . An output of the output terminal OUT3 of the X - ad 
pixel position of the lower left pixel position . Next , which dress decoder 411 is input to the AND circuits 435 and 436 . 
pixel position should be selected is determined based on the 55 The OR circuit 441 receives logic outputs , of outputs of 
values of the current inner variables ( and , simultaneously , an AND circuit 430 ( not shown ) and the AND circuit 433 , 
the inner variables are updated ) . The pixel position to be and of the output of the output terminal OUT1 , and inputs 
written are sequentially specified based on the logic and , by the logical outputs to an input terminal INT1 of the X - bi 
repeating the control , the line extending from the start point directional shift register 412 . The OR circuit 442 receives 
to the end point is displayed on the display screen of the 60 logic outputs , of outputs of the AND circuits 432 and 435 , 
LCD 301 . In FIG . 11 , a rewrite ( or write ) pixel position is and of the output of the output terminal OUT2 , and inputs 
pictorially shown together with an arrow , in the LCD 301 . the logical outputs to an input terminal INT2 of the X - bi 

The shift and rewrite ( or write ) processing can be directional shift register 412 . The OR circuit 443 receives 
executed within , for example , 10 us in the LCD controller logic outputs , of outputs of the AND circuit 434 and an AND 
600 ( see Time t401 and Time t402 in FIG . 11 ) . Such shift 65 circuit 437 ( not shown ) , and of the output of the output 
and rewrite processing are repeated every time when the terminal OUT3 , and inputs the logical outputs to an input 
coordinate data is obtained at the touch panel controller 702 . terminal INT3 of the X - bidirectional shift register 412 . 
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If a control signal BLOD is “ O ” , the outputs of the output FIG . 16 shows yet another embodiment . The same por 
terminals OUT1 to OUT3 of the X - address decoder 411 are tions as those of the embodiment shown in FIG . 3 are 
directly input to the input terminals INT1 to INT3 of the denoted by the same reference numbers as those in FIG . 3 . 
X - bidirectional shift register 412 ( i . e . , one - to - one relation . The present embodiment describes an example of employing 
ship ) . However , if the control signal BLOD is “ 1 ” , each of 5 not an SRAM , but an auxiliary capacitance ( capacitor ) IL as 
the outputs of the output terminals OUT1 to OUT3 of the a memory 11 . In addition , in the present embodiment , not 
X - address decoder 411 is input to three input terminals INT1 simply “ 1 ” or “ O ” , but a plurality of voltage lines BV1 to 
to INT3 of the X - bidirectional shift register 412 ( i . e . , one BV3 and WV can be selectively input to the auxiliary 
to - three relationship ) . Thus , thickness of the drawn line can capacitance ( capacitor ) IL serving as the memory . By select 

10 ing the voltage , a liquid crystal display element 13 can be varied by changing the control signal BLOD . obtain a plurality of brightness levels ( i . e . , a plurality of FIG . 13A shows an example of variation in thickness of contrast levels ) . the line in the X direction . The figure does not show the An X - switch control signal ( XSW ) which controls the variation in thickness in the Y direction , but the Y - directional mode switch 416 can select an arbitrary voltage , based on driver is configured to select three column select lines , in the 15 I the 15 the pressing force value detected by the LCD controller 600 , Y direction . Accordingly , the line which is three times as for example . 
thick in the X direction and the Y direction can be thereby Furthermore , according to the present embodiment , a line 
drawn . drawn by the touch input is subjected to multi - gradation 

FIG . 13B pictorially shows a state of the screen in which expression , and an image based on video data can also be 
the control signal BLOD is “ O ” and a line having thickness 20 subjected to multi - gradation expression . In other words , 
1 is drawn . FIG . 13C pictorially shows a state of the screen when the video data is output from a main memory 800 , the 
in which the control signal BLOD is “ l ” and a line having multi - gradation expression of the image can also be 
thickness 3 is drawn . executed by selecting an arbitrary voltage of the voltage 

The above examples show mere examples . A circuit lines BV1 to BV3 and WV for each of the pixel circuits . 
configured to selectively draw lines having various types of 25 As yet another embodiment , a configuration of inputting 
thickness can be further formed by combining various logic multi - bit video data to an X - bidirectional shift register 412 
circuits , between the X - address decoder 411 and the X - bi - can be adopted . When the video data is output from the 
directional shift register 412 . In other words , the thickness of X - directional buffer 415 to the pixel circuit , the video data 
the line to be drawn can be arbitrarily varied by forming a may be digital - analog - converted and then supplied to the 
logic circuit for an arbitrary combination between the out - 30 input terminal of a transistor TC . At this time , a control 
puts of the X - address decoder 411 and the inputs of the electrode of the transistor TC is provided with , for example , 
X - bidirectional shift register 412 . a certain voltage and is connected to , for example , BV1 . 

The same idea with the X direction process is applied in In the handwriting input mode , only one of row select 
the Y direction process , that is , a logic circuit for an arbitrary lines , for example , Ry0 and only one of column select lines , 
combination is provided between the outputs of the Y - ad - 35 for example , Cx0 are made active by an address decoder , and 
dress decoder 511 and the inputs of the Y - bidirectional shift the voltage corresponding to drawing data is written to the 
register 512 . pixel circuits from a source line , for example , Sx0 . The line 

In the present embodiment , the touch panel controller 702 can be therefore automatically drawn by appropriately 
converts the output of the touch - type input panel 701 to the repeating the shift of the bidirectional shift registers ( in the 
coordinate data and the pressing force value and outputs the 40 X and Y directions ) , after drawing an input start point . 
coordinate data and the pressing force value . The pressing In the above embodiment , a monochrome display device 
force value is compared with a threshold value V1 in the has been explained for simple explanation . However , a 
LCD controller 600 and a main CPU 800 . full - color display device can also be implemented by merely 

Each of the LCD controller 600 and the main CPU 800 changing the shifting manner of the bidirectional shift 
determines that a solid line is drawn if it is sequentially 45 register ( for example , shifting every three bits in the X 
detected that the pressing force value is equal to or greater direction as an RGB pixel constitution ) . 
than a predetermined threshold value V1 . FIG . 14A shows In the general drawing mode , the video data for one row 
an example of a solid line drawn on the LCD 301 . The LCD is shifted by an X - directional shift register for images of an 
controller 600 turns on LE , XEN and YEN ( shown in FIG . X - directional driver , held at a latch at approximate timing , 
9 , FIG . 10 , etc . ) every time the LCD controller 600 shifts the 50 digital - analog - converted , amplified , and converted to an 
drawing data and writes the data at a next position . analog signal , which is output to the source line , while 

Each of the LCD controller 600 and the main CPU 800 scanning the row select line by a Y - directional driver . 
determines that a dash line is drawn if it is alternatively At this time , a control column line Cj ( = 1 , 2 , . . . , n ) is 
detected the pressing force value which is equal to or greater made active at any time and all of column select transistors 
than the predetermined threshold value V1 and the pressing 55 are turned on in advance . 
force value which is smaller than V1 . FIG . 14B shows an An oxide semiconductor TFT driving LCD may be 
example of a broken line drawn on the LCD 301 . The LCD employed as the display device having characteristics of the 
controller 600 executes processing of shifting the drawing pixel memory of the present embodiment . 
data and writing the data at a next position , but turns off LE , In the above embodiment , an oxide semiconductor TFT 
XEN and YEN ( shown in FIG . 9 , FIG . 10 , etc . ) during a 60 ( transistor TC , TR ) having a less leak current may be 
period in which the pressing force value is smaller than the employed . 
predetermined threshold value V1 . In the above - described embodiment , if a report rate of the 

In the above - described embodiment , the touch panel touch panel controller IC is 200 Hz , the drawing delay to the 
controller 702 and the LCD controller 600 are constituted pen tip is equal to or shorter than 10 ms , i . e . , the drawing 
separately , but may be integrated as one body . FIG . 15 shows 65 becomes comparatively accelerated as compared with the 
a constitution example in which the touch panel controller conventional input - output system ( with the delay being 
702 and the LCD controller 600 are integrated . longer than 100 ms ) . 
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In addition , necessary minimum circuit portions alone are crystal can be alternated by alternately switching the polari 
operated by the simple drawing of executing the rewriting ties of the control line PolA and the control line PolB . 
by units of pixel circuits . The power consumption is there In each of the embodiments , a transparent amorphous 
fore lowered . In addition , since the general drawing is oxide semiconductor ( TAOS ) may be used as the transistors 
executed at the end of handwriting input or in each prede - 5 TC and TR . 
termined cycle ( for example , once in a second ) , the power In the above descriptions , the names used in each block 
consumption is low . are not limited to those , but names having functions of 

FIG . 17 concretely shows the memory 11 and the polarity similar purposes are in the category of the present invention . 
When the blocks are divided or incorporated and displayed , control circuit 12 shown in FIG . 3 and FIG . 4 . 

A function of each module will be described . TFT 21 and 21 and 10 they are in the category of the present invention if they 
TFT 22 constitute a first inverter , and TFT 23 to TFT 26 present the concept of the present invention . 

Furthermore , the components of claims are in the cat constitute a clocked inverter . TFT 31 and TFT 32 constitute egory of the embodiments even if the components are a polarity inverting switch , and TFT 33 and TFT 34 consti expressed separately , even if the components are expressed 
tute a second inverter . 15 in association with each other or even if the components are 

In an operation of rewriting the pixel potential , a row expressed in combination with each other . Even if the claims 
select line Gate becomes “ H ” , a row select line GateB are expressed as methods , the device is applied to the 
becomes “ L ” , a control line PolA becomes “ L ” , and a control methods . 
line PolB becomes “ H ” . At this time , transistors TC and TR While certain embodiments have been described , these 
are turned on , the clocked inverter constituted by the TFT 23 20 embodiments have been presented by way of example only , 
to TFT 26 is turned off , and the TFT 31 is turned on . A and are not intended to limit the scope of the inventions . 
conductive route Rout1 is thereby formed . Indeed , the novel embodiments described herein may be 

If the signal column line Sj is at the high level , the TFT embodied in a variety of other forms ; furthermore , various 
34 is turned on and a potential VLCL is applied to the omissions , substitutions and changes in the form of the 
display element 13 . Oppositely , if the signal column line Sj 25 embodiments described herein may be made without depart 
is at the low level , the TFT 33 is turned on and a potential ing from the spirit of the inventions . The accompanying 
VLCH is applied to the display element 13 . claims and their equivalents are intended to cover such 
Next , AC - driving the pixel electrode while holding the forms or modifications as would fall within the scope and 

potential of the SRAM ( memory 11 ) will be described . At spirit of the inventions . 
this time , the row select line Gate is “ L ” , the row select line 30 What is claimed is : 
GateB is “ H ” , and a resetting switch RSW is turned off . 1 . A device , comprising : 

A case where the potential of the signal column line Sj is a display device comprising a plurality of pixel circuits , 
“ H ” will be described . Potentials of nodes al and a3 are “ H ” each of the plurality of pixel circuits including a display 
and a potential of a node a2 is VLCL . Since the row select element and a pixel memory configured to store a 
line Gate is “ L ” , the transistors TC and TR become in an 35 signal to drive the display element ; 
OFF state . However , since the row select line GateB is “ H ” , an X - directional driver and a Y - directional driver config 
the clocked inverter constituted by the TFT 23 to TFT 26 ured to respectively select and drive the pixel circuits ; 
becomes in an ON state and the potential of the node a3 a touch - type input panel arranged integrally with the 
becomes VLCH . Since the potential of the node al also display device ; 
becomes equal to the potential of the node a3 , the SRAM 40 a touch panel controller configured to convert a sensing 
circuit 11 holds the rewriting state . output of the touch - type input panel to coordinate data ; 

In other words , the potentials of the node a2 and the node and 
a3 , which are the outputs of the SRAM circuit 11 , hold a display controller configured to receive the coordinate 
VLCL and VLCH , respectively . data , and to partially rewrite a pixel signal for at least 
When the potential of the control line PolA is “ L ” and the 45 one of the pixel circuits , via the X - directional driver 

potential of the control line PolB is “ H ” , the potential of the and a Y - directional driver , wherein 
output terminal of the polarity inverting switch using the the X - directional driver further comprises : 
TFT 32 and TFT 31 becomes VLCH since the TFT 31 an X address decoder configured to convert the coordinate 
becomes in the ON state and the TFT 32 becomes in the OFF data to address data and to specify a column of the pixel 
state . Therefore , the TFT 34 becomes in the ON state and the 50 circuits in the X direction ; 
potential VLCL is applied to the pixel electrode PE , in the an X - bidirectional shift register loaded with the address 
second inverter circuit constituted by the TFT 33 and TFT data from the X address decoder and to shift the address 
34 . data to an X - directional position ; and 
When the potential of the control line PolA is “ H ” and the an X - directional buffer configured to retain an output of 

potential of the control line PolB is “ L ” , the potential of the 55 the X - bidirectional shift register , and 
output terminal of the polarity inverting switch becomes the display controller is configured to supply a shift pulse 
VLCL since the TFT 31 becomes in the OFF state and the to the X - bidirectional shift register and to vary a 
TFT 32 becomes in the ON state . Therefore , the TFT 33 column specified by the address data . 
becomes in the ON state and the potential VLCH is applied 2 . The device of claim 1 , wherein 
to the pixel electrode PE , in the second inverter circuit . 60 the X - directional driver comprises : 

Thus , the voltage applied to the liquid crystal can be a control column line for selecting a given pixel circuit of 
alternated by alternately switching the polarities of the the plurality of pixel circuits ; 
control line PolA and the control line PolB . a signal column line for supplying an input to the given 
When the potential of the signal line S is “ L ” in the pixel pixel circuit ; 

potential rewriting operation , the potential of the node a2 65 an X - directional buffer configured to output a select signal 
holds VLCH and the potential of the node a3 holds VLCL . for selecting the given pixel circuit or the pixel signal 
In this case , too , however , the voltage applied to the liquid for supplying the input to the given pixel circuit ; and 
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a mode switch configured to connect the signal column of the X address decoder and a load input terminal of 
line and the control column line to any one of a the X - bidirectional shift register . 
plurality of voltage lines having preset different fixed 5 . The device of claim 1 , wherein 
potentials and to an output terminal of the X - directional each one of the plurality of pixel circuits respectively 
buffer . comprises a static random access memory retaining 1 

bit for data retention . 3 . The device of claim 1 , wherein 6 . The device of claim 1 , wherein if first coordinate data is converted to first address data by each one of the plurality of pixel circuits respectively the X - directional driver , if a row is designated by the comprises an auxiliary capacitance retaining a plurality 
Y - directional driver , and if second coordinate data is of voltage levels for data retention . 
input to the display controller after the pixel signal is 7 . The device of claim 1 , wherein 
written to a first pixel circuit designated by the first a first transistor controlled by a signal from a column 
address data , control line and a second transistor controlled by a 

the display controller supplies the shift pulse to the signal from a row select line are serially connected to 
X - bidirectional shift register , to obtain interpolated an input path through which an input signal is supplied 
address data for an interpolated pixel signal which is to at least one of the pixel circuits . 
linearly approximate between the first address data and 8 . The device of claim 1 , wherein 
second address data based on the second coordinate the coordinate data from the touch panel controller is 
data . processed and stored in a frame memory of a main CPU 

4 . The device of claim 1 , wherein as video data and , in general drawing data , the video 20 
the X - directional driver comprises a logic circuit config data is displayed on the display device via the LCD 

controller . ured to selectively change a one - to - one connection and 
a one - to - many connection , between an output terminal * * * * * 


